A new oxymetazoline (OM) ion-selective PVC membrane electrode based on the ion associate of OM with phosphotungstic acid was prepared. The electrode exhibits a linear response with a mean calibration graph slope of 57.16 mV decade -1 at 25˚C within the concentration range of 1.96 × 10 -5 -1 × 10 -2 M OMCl. The change in the pH within the range of 1.0 -9.4 did not affect the electrode performance. The standard electrode potentials were determined at different temperatures and used to calculate the isothermal coefficient of the electrode (-0.001233 V). The electrode showed a very good selectivity for OM with respect to a large number of inorganic cations and compounds. The standard addition method and potentiometric titration were applied to the determination of (OM) with RSD not exceeding 1.19%. 
Introduction
Oxymetazoline hydrochloride (phenol,3-[4,5-dihydro-1H-imidazol-2-yl)methyl]-6-(1,1-dimethylethyl)-2,4-dimethylmonohydrochloride [2315-02-8] is an adrenergic (nasal) drug 1 (Scheme 1). Several different methods have been used for the determination of oxymetazoline hydrochloride OMCl, including high-performance liquid chromatography (HPLC), [2] [3] [4] [5] [6] [7] [8] gas chromatography, 9 a two-phase titration procedure 10 and spectrophotometric methods. [11] [12] [13] [14] [15] [16] No potentiometric methods have yet been reported for the determination of OM. In the present work, a plastic membrane electrode selective for the oxymetazoline cation was constructed and its performance characteristics were studied. The electrode is based on the incorporation of the oxymetazoline phosphotungstate [(OM + )3PT 3- ] ion associate in a polyvinyl chloride (PVC) membrane plasticized with dioctylphthalate (DOP). The electrode has been successfully used as a sensor to determine OMCl in pure solutions and the pharmaceutical nasal drop formulation Afrin (0.05%).
Experimental

Reagents and materials
All of the chemicals used were of analytical grade. Twicedistilled water was used throughout all experiments. Pure-grade oxymetazoline hydrochloride was supplied by Glaxowelcome Pharm. Co., Cairo, Egypt. The pharmaceutical prepration, Affrin, nasal drops (0.05%), was provided by Medical Union Pharmaceuticals Co., Abou Sultan, Egypt. Phosphotungstic acid (PTA) was obtained from BDH Co., England.
Apparatus
Potentiometric and pH measurements were carried out using a digital Schott Gerate pH meter, Model CG820. A Techne (Cambridge, UK) Model C-100 circulator thermostat was used to control the temperature of the test solutions. A saturated calomel electrode (SCE) was used as the external reference, while an Ag/AgCl electrode was used as an internal reference. The electrochemical system may be represented as follows: Ag/AgCl/filling solution/membrane/test solution//KCl salt bridge//saturated calomel electrode.
Prepration of OM-PT ion associate
The ion associate (OM + )3PT 3-was precipitated by mixing 150 ml of 10 -2 M OMCl and 50 ml of 10 -2 M PTA aqueous solutions. The obtained precipitate was filtered, washed thoroughly with distilled water until chloride free and dried at room temperature. The composition of the ion associate was confirmed by elemental analysis to be 3:1 (OM:PT). The calculated percentages of C, H and N are 15.76, 1.98 and 2.30, while the found percentages are 15.9, 2.2 and 2.2, respectively.
Electrode prepration
The electrode was constructed as described previously. 17 Four membrane compositions were tried ( Table 1 ). The membrane composition was studied by varying the percentages (w/w) of the ion associate, polyvinyl chloride (PVC) and a plasticizer, dioctyl phthalate (DOP), until the optimum composition that exhibits the best performance characteristics is reached. The membranes were prepared by dissolving the required amount of ion associate, PVC and DOP, in about 10 ml of tetrahydrofuran (THF). The solution mixture was poured into a 7.5 cm Petri dish. The Petri dish was then covered with a filter paper and left to dry in air. To obtain a uniform membrane thickness, the amount of THF was kept constant, and its evaporation was fixed for 24 h. A 12 mm diameter disk was cut out from the prepared membrane and glued using PVC-THF paste to the polished end of a plastic cap attached to a glass tube. The electrode body was filled with a solution of 10 -1 M NaCl and 10 -2 M OMCl, and preconditioned by soaking in a 10 -3 M OMCl solution.
Selectivity
The selectivity coefficients (K pot OM , J z+ ) of the electrode towards different cationic species (J z+ ) were determined by a separate solutions method, 18 in which the following equation was used:
where E1 and E2 are the electrode potentials in 10 -3 M solutions of OMCl and interfering ions J z+ , respectively, and S is the slope in mV.
Potentiometric determination of OMCl
OMCl has been determined potentiometrically using the investigated electrode by the standard addition method 19 and by potentiometric titration with a standard solution of PTA.
Determination of OMCl in Afrin, nasal drops (0.05%) using an official method 1
An accurately measured volume of an Afrin nasal drops solution, equivalent to about 2.5 mg of oxymetazoline hydrochloride (5 ml nasal drops), was transferred to a separating funnel, 25 ml of a saturated solution of sodium borate was added, extracted with four 25 ml portions of chloroform, and then the extracts were combined in a second separating funnel. The combined chloroform extracts were extracted with two 20 ml portions of dilute hydrochloric acid (1 in 20), the acid extracts were combined in a 50 ml volumetric flask, dilute hydrochloric acid (1 in 20) was added to the mark and mixed. The absorbances of this solution and a solution of USP oxymetazoline hydrochloride reference standard were concomitantly determined in the same medium, having a known concentration of about 0.05 mg per ml in 1 cm cells at the wavelength of the maximum absorbance at 279 nm using dilute hydrochloric acid (1 in 20) as the blank. The percent recovery of oxymetazoline hydrochloride was calculated in the nasal drops using the following relation: Recovery % = Abs of sample/Abs of standard × 100.
Results and Discussion
Composition of the electrode
Four membrane compositions were investigated ( Table 1 ). The results showed that the electrode made by membrane III with 12% OM-PT ion associate exhibited the best performance characteristics (slope 57.16 mV concentration decade -1 , at 25˚C; usable concentration range, 1.96 × 10 -5 -1.00 × 10 -2 M OMCl; and response time, ≤10 s). Other membranes exhibit slopes ranging between 49.57 and 52.25 mV decade -1 . In all subsequent studies, electrodes made of membrane III were used.
Effect of soaking
Calibration plots (pOM vs. E, mV) were obtained after the electrode was soaked continuously in 10 -3 M OMCl for 0. 
Effect of the pH
The effect of the pH of the test solution (10 -4 , 10 -3 and 5 × 10 -3 M OMCl) on the electrode potential was investigated by following the variation in the potential with the change in the pH by adding very small volumes of hydrochloric acid and sodium hydroxide (each 0.1 -1.0 M). Representative curves are shown in Fig. 1 . It is evident that the electrode did not respond to a pH change in the range of 1.0 -9.4. At pH values higher than 9.4, the potential gradually decreased, which may be attributed to the formation of an oxymetazoline base in the solution, or ionization of the hydroxyl group in such high alkaline pH media, leading to a decrease in the concentration of oxymetazolinium ion. In the case of a 5 × 10 -3 M solution, turbidity occurs at pH values above 8.5, and the potential increases. Figure 2 represents calibration graphs (electrode potential, E vs. pOMCl) constructed at test solution temperatures of 34, 40, 50, 60 and 70˚C. The slopes and usable concentration range of the electrode at each temperature are given in Table 2 .
Effect of the temperature of the test solution
The results show that within the temperature range investigated the electrode responds practically to the OMCl concentration with a nearly constant usable concentration range of about 3.84 × 10 -5 -1 × 10 -2 M. For determining the isothermal coefficient of the electrode (dE˚/dt), the standard electrode potential (E˚) against a normal hydrogen electrode at different temperatures was obtained from calibration graphs as the intercepts at pOM = 0 (after subtracting the values of the standard electrode potential of the calomel at these temperatures), and plotted versus (t -25), where t is the temperature of the test solution in ˚C. A straight line is obtained according to the following equation: 20 
E˚ = E˚(25) + (dE˚/dt)(t -25).
The slope of the straight line obtained (Fig. 3b) represents the isothermal coefficient of the electrode, amounting to -0.001233 V ˚C -1 , revealing a fairly good thermal stability of the electrode within the temperature range investigated. Plots of E˚ cell versus (t -25) produced a straight line, whose slope was taken as the isothermal coefficient of the cell (Fig. 3a) . It amounts to 0.0005654 V ˚C -1 . Practically, this last value is of interest, since it combines all effects during measuring and working with the electrode.
Selectivity
The influence of some inorganic cations, sugars (e.g. glucose, fructose, lactose and maltose) and amino acids (e.g. glycine and L-α-alanine) on the OM electrode was investigated. The selectivity coefficient were determined by a separate solution method 18 (Table 3) . None of the investigated species interfere, as shown by the very small values of log K pot OM , J z+ . This reflects a very high selectivity of the investigated electrode towards OM. The inorganic cations do not interfere owing to the differences in the ionic size, and consequently their mobilities and permeabilities as compared with OM + . The selectivity of the electrode towards neutral amino acids and sugars was evaluated by adding small volume increments of 10 -1 M interfering species to 50 ml of a 10 -5 M drug solution. The tolerance was considered as the concentration imparting a 1 mV drift in the potential reading. The results indicate that glycine, L-α-alanine, glucose, fructose, maltose and lactose do not interfere up to 1039, 1000, 741, 1289, 826 and 1166 fold, respectively.
Analytical applications
The investigated electrode was proved to be useful in the potentiometric determination of OMCl in pure solutions by the method of standard addition and potentiometric titration. Representative titration curves are shown in (Fig. 4) . In the case of pharmaceutical preparation, the standard addition method was used. The potentiometric titration method could not be used in the case of the pharmaceutical preparation Afrin nasal drops 0.05%, because Afrin has a lower concentration of OMCl (0.5 mg/ml of the drop), and the potentiometric titration method needs a higher concentration of the drug. Collective results are given in Table 4 . From the results it is evident that the present electrode is very useful as a potentiometric sensor for the microdetermination of OMCl in its pure solutions and pharmaceutical preprations.
The data concerning the pharmaceutical prepration Afrin nasal drops (0.05%) show that the assay results were in good agreement with values obtained using the official method of the United States Pharmacopeia 1 (Table 5) .
Student t-and F-tests (at 95% confidence level) were applied. 21 The results show that the calculated t-and F-values did not exceed the theortical values. 
